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IPA以數據演算及人工閱讀的資料庫文獻，
提供您快速的在數千萬筆的研究分析資料中，
找到最關鍵的生物途徑與分子間調控關係。
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About GGA 

CEO: Christopher Tsai, Ph.D. 蔡政憲博士

Established: Nov. 2008

Main Product & Service Areas:

➢ Genetic Testing & Molecular Diagnosis 

➢ Scientific Informatics & Bio IT

IPO Date: September 17, 2012

Stock Ticker: 4160 (Taiwan OTC)

GGA is part of the BIONET Group 

(訊聯生物科技)
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Molecular Science Center in GGA
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生物資訊

奈米與
材料科學

企業品質
管理系統

電子化
實驗室管理

生命科學

化學資訊

分子視算中心
MSC

世界一流
資訊產品

軟體與資料庫

安裝與調校
合規電腦

系統確效(CSV)

在地化服務
使用者教育訓練

* FIRST *

* ONLY *

02-2795-1777#3014
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Copyright and Disclaimer
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Copyright ©  2021 GGA Corp. All rights reserved.

• This presentation and/or any related documents contains statements regarding our plans or expectations 
for future features, enhancements or functionalities of current or future products (collectively 
"Enhancements"). Our plans or expectations are subject to change at any time at our discretion. 
Accordingly, GGA Corp. is making no representation, undertaking no commitment or legal obligation to 
create, develop or license any product or Enhancements. 

• The presentation, documents or any related statements are not intended to, nor shall, create any legal 
obligation upon GGA Corp., and shall not be relied upon in purchasing any product.  Any such obligation 
shall only result from a written agreement executed by both parties. 

• In addition, information disclosed in this presentation and related documents, whether oral or written, is 
confidential or proprietary information of GGA Corp.. It shall be used only for the purpose of furthering 
our business relationship, and shall not be disclosed to third parties. 
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IPA

IPA application:

• Biomarker finding

• Toxicity Functions

• Diseases regulation

IPA supported platform :

• Gene expression: 
qPCR analysis
Microarray 
RNA-Seq (NGS)
microRNA
mRNA

• Proteomics
PhosphoProteomicsNew

• metabolomics

IPA orthologous :
Arabidopsis thaliana
Bos taurus (bovine)
Caenorhabditis elegans
Gallus gallus (chicken)
Pan troglodytes (chimpanzee)
Danio rerio (zebrafish)
Canis lupus familiaris (canine)
Drosophila melanogaster
Macaca mulatta (Rhesus Monkey)
Saccharomyces cerevisiae
Schizosaccharomyces pombe
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Supported Identifiers for Data Upload

Vendor IDs Gene Protein Transcript microRNA SNP Chemical

Affymetrix
(na36)

Entrez Gene
(2020/10)

GenPept
Ensembl

(101)
miRBase 
(mature)

Affy SNP 
IDs

CAS Registry 
Number

Agilent
GenBank

(239)

International
Protein Index 

(IPI)

RefSeq
(human、

mouse)

miRBase 
(stemloop)

dbSNP HMDB

Life Tech 
(ABI)

Symbol-human
(HUGO/ HGNC, 

EG)

UniProt/ 
Swiss-Prot
Accession
(2020_03)

UCSC (hg18) KEGG

Codelink
Symbol- mouse 

(EG)
UCSC (hg19) PubChem CID

Illumina
Symbol- rat 

(EG)
UCSC (hg38)

Ingenuity GI Number

UniGene
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Get more complete mapping during dataset upload!
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Entry Points in IPA

Biological Questions

Search Experiment Data Custom Pathway

Expression arrays

Protein arrays

Mass spec

2D Gel electrophoresis Networks

Core

IPA-Tox

IPA-Biomarker

IPA-Metabolomics

Bio/Tox Functions

Diseases/Disorders

Canonical Pathways

Upstream regulators

Mechanistic/Casual Network

Interaction Network

Communicate & Collaborate

8



Sample to Insight

Copyright©2021 GGA Corp. All rights reserved.

Searching
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•Genes and chemicals 

•Diseases and Functions

•Pathways and tox lists 
• Advanced search: Limiting results to a molecule type, family 

or subcellular location
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Scales for Gene/Chemical, Disease, Pathway
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Gene

Chemical

Set of Genes and Chemicals 

associated with Disease/Function 

(without relationship information)

Set of Genes and Chemicals 

associated with Disease/Function

(with relationship information)
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Gene View
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• Explore sample-level human tissue expression through 
OmicSoft Land Explorer

Now you can examine detailed expression patterns across human tissues directly 

from IPA’s Isoform Views. IPA now offers access to a lite version of OmicSoft Land 

Explorer. With this new feature, you can provide interactive plots of gene 

expression in 51 different human tissues from the GTEx project, for both gene level 

and individual splice variants. You can filter the view for a particular tissue, or filter 

on metadata, such as tissue donor age or gender. You can also download the 

detailed sample-level expression data for the gene.

https://gtexportal.org/home/
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Key Terminology 
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• Finding:6.6 million 

– A single piece of evidence from a literature source or 
database in the Ingenuity Knowledge Base

– Includes context of the fact such as experiment type, 
species, tissue/cell location, etc.

• Canonical Pathway (Signaling and Metabolic)

– Are generated prior to data input, based on the literature

– Do NOT change upon data input

– Do have directionality 
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Basic Module and Advanced module on IPA
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Basic Module

• Gene and Chem View

• Isoform View

• Disease View

• Canonical Pathway

• BioProfiler

• Upload Dataset

• Molecule Activity Predictor (MAP)

• Tox Lists and Tox Functions

• Interactive Disease and Functions 

Nodes

• Biomarker filter

• Path Designer

https://www.qiagenbioinformatics.com/products/features/

Advanced Analytics (AA)

• Causal Network Analysis

• Upstream regulator Analysis

• Downstream Effects Analysis

• Regulator Effects

• Network Analysis

• Mechanistic Network

• Activity Plot

• Graphic Summary

• Analysis Match

• MicroRNA Target Filter

• Relationship Export

• IsoProfiler

• Comparison Analysis

• PhosphoProteomics Analysis

https://www.qiagenbioinformatics.com/files/flyers/IPA_Advanced_Analytics_WEB.pdf

https://www.qiagenbioinformatics.com/products/features/
https://www.qiagenbioinformatics.com/files/flyers/IPA_Advanced_Analytics_WEB.pdf
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Live Demo
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準備IPA分析用的Dataset

Replicates
Average必須有一欄放入ID Other observations 

(Comparison)
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準備IPA分析用的Dataset

◼ 重複性實驗的數值平均、p-vlaue或fold-change等統計計算，要先在
IPA分析之前完成。

◼ 將實驗資料用 Excel 表格檔案儲存，檔案裡面只能有一個Sheet存在。

 Excel Sheet當中必須要有一欄是列出分子的ID (如Gene Symbol, Refseq number, 

Uniprot number, HMDB等常用命名皆支援)

 每個Excel Sheet 最多可以放入 20個 observations (即20個實驗變因的資料欄的意思)

 每個Observation可以有3個不同的表現值種類 (ex. p-Value，fold-change等)

 表格欄位最上方只能有一個Head row (首行)

 資料上傳到IPA後，可以在cut-off 值欄位進行設定，讓使用者決定門檻來決定表現顯

著有差異的生物分子。意味著原始實驗資料中有些分子的數值不夠顯著，可以用cut-

off值作為門檻排除於分析運算中。那些通過cut-off值的分子們在IPA中稱之為

Analysis-Ready Molecules。
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Statistical Analysis Used in IPA

P-value of 
overlap

Z-score

• Null hypothesis: No overlap between molecule from 
dataset and disease/function/upstream 
regulator/pathway.

• Calculate using the right-tailed Fisher‵s Exact Test
• Significant p-value ≦ 0.05

• Predicts Activation or Inhibition
• Correlation between what is known (IPA Knowledge 

Base) and your expression data
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Network types in IPA

Upstream Analysis

Dataset Molecules

Upstream 

Regulator

Dataset Molecules

Other upstream 

regulators

Mechanistic Network of Upstream Regulators

Regulator Effect Network

Any

Diseases / functions

Interaction Network

Dataset Molecules

Function Analysis

Diseases / functions

Dataset Molecules
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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Graphical Summary

Graphical Summary結果:
將資料集最相關的生物主題以網路圖像呈現
(canonical pathways, upstream regulators, causal network master regulators, 
diseases, and biological functions)

22

Criteria for selection

 All entities: 

p-value < 0.05

 Diseases、Functions、

Upstream regulators: 

z-score ≧ 2

 All molecules types 

(except chemicals)

 Activated nodes

z-score ≧ 2

 Inhibited nodes

z-score ≦ -2
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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Canonical Pathway Analysis 

點擊特定Canonical Pathway
名稱上方的Bar條，下方視窗
會出現dataset 中有參與組成
該 pathway的分子 IDclick 

Canonical Pathways結果標籤:
受影響的Signaling Pathway與Metabolic Pathway 依照顯著性用條狀圖排列
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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TR effect on downstream genes 
(Literature)

N = 8 genes

Upstream Analysis Activation z–score 

26

Statistical measure of correlation between the transcription 
regulator (TR) and resulting gene expression

Actual z-score can be weighted by relationship types, relationship bias, data bias

z-score > 2 or < -2 is considered significant

1-1 1 1 0 11 1 1

Differential gene expression
(Uploaded Data)

TR
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Upstream Analysis Activation z–score 
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Statistical measure of correlation between the transcription 
regulator (TR) and resulting gene expression

Actual z-score can be weighted by relationship types, relationship bias, data bias

z-score > 2 or < -2 is considered significant



Sample to Insight

Copyright©2021 GGA Corp. All rights reserved.

IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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Diseases and functions

Diseases and functions結果標籤:
了解實驗結果在各分析疾病調控上之結果
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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How Networks Are Generated

1. Focus molecules are “seeds”

2. Focus molecules with the most 
interactions to other focus molecules 
are then connected together to form a 
network

3. Non-focus molecules from the 
dataset are then added

4. Molecules from the Ingenuity’s 
Knowledge Base are added

5. Resulting Networks are scored and 
then sorted based on the score

31
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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Concept of “Regulator Effects”

33

Hypotheses for how activated or inhibited upstream regulators 
cause downstream effects on biology

Upstream Regulators

A

Molecules in the dataset

Disease or 

Function

Downstream Effects Analysis

Algorithm

First iteration

Simplest Regulator Effects result

A

Disease or 

Function

Displays a relationship between the 

regulator and disease/function if it exists

Causally consistent networks score higher

The algorithm runs iteratively to merge additional regulators with diseases and functions
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IPA 分析結果

Summary: 將顯示前五名各頁籤之分析結果

Graphical Summary: 總和各生物主題之分析結果(路徑、上游調控、疾病)

Canonical Pathways : 列出受實驗影響的Signaling Pathway與Metabolic Pathway

Upstream Analysis: 列出與資料中變動分子有關的Upstream molecules，以及根據研究
文獻預測它們是否是被啟動或是被抑制。

Disease&Function : 了解實驗結果在各分析疾病調控上之結果

Networks : 呈現實驗資料中的分子間的網路關係。並且可以利用Build Tool與Overlay
Tool進行延伸與知識的拓展，以上各分析結果都是用來解釋實驗觀察到的現象的重要依據。

Regulator effect:將上下游之調控路徑整合

Analysis Match:比對外部實驗組資訊與實驗之調控相似相異性
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Analysis Match

36

Analysis Match enables you to automatically match your analysis against:

• All your own analysis

• Analyses of 8100+ expression datasets processed and curated from public 

sources by Omicsoft (QIAGEN)

• Build confidence in your analysis results

• Discover unexpected insights into mechanisms shared between studies

• Gain insight from ‘anti-matches’
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Live Demo
Analysis Match

37
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Unprecedented discovery, together

38

TCGA

GEO

Array Express

SRA

Array Suite

Curation, Processing, & QA

Journal articles

OMIM

Clinical Trials

Etc.

COSMIC

MGD

Etc.

Curation & QA

Datasets integrated into 

OmicSoft Lands
Curated 

Findings

OncoLand

DiseaseLand

8100+ 

Expression 

comparison 

datasets
• Biological analyses of 

each dataset

• Compare your analysis 

to all OmicSoft analyses
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Analysis Match

39

截至今日，本次更新增加了19,000組分析完成的數據至Analysis Match分析功能中，您可
以在Analysis Match分析模組當中，比較您的實驗資料與外部資料庫如TCGA、LINCS等，
在不同的癌症類型，疾病類型與實驗組中分析其相似及相異關係度。

並自LINCS（NIH Library of Integrated Network-Based Cellular Signatures）再添加大
約28,000個分析組，總數將超過73,000個

Your own

Dataset

Analysis 

from your 

dataset

Donor

Datasets

Analysis from 

donor datasets

Compare
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Analysis Match
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截至今日，本次更新增加了19,000組分析完成的數據至Analysis Match分析功能中，您可
以在Analysis Match分析模組當中，比較您的實驗資料與外部資料庫如TCGA、LINCS等，
在不同的癌症類型，疾病類型與實驗組中分析其相似及相異關係度。

並自DiseaseLand & OncoLand再添加大約6,900個分析組，總數將超過80,000個!
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Analysis Match ‘Entities’

41

Canonical pathways (CP) Upstream regulators (UR)

Causal networks ( CN ‘master’ regulator) Disease and functions (DE)
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Analysis Match Database

42

>73,000 OmicSoft Analyses available in Analysis Match and Activity Plot 

OmicSoft analysis content in Analysis Match and Activity Plot. More than 7,700 

new analyses have been added in this release.
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Live Demo
microRNA target filter 

43
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miRNA
Target Filter

miRNA 

Data

Molecule 

Type

Pathways 
(Cancer/ 

Growth)

88 data 

points

13,690 

targets

1,090 

targets

333 

targets

?
32 

targets

mRNA
↑↓

↓↑

39 

targets

Use Pathway tools to build hypothesis for microRNA to mRNA target association

Filter Datasets for Biomarkers or miRNA Targets
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(1 Target Scan search) x (each microRNA in your data set) = 

A LOT of targets
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Visualizing an individual gene across comparisons

OmicSoft Array Suite provides detailed view of underlying data
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Live Demo
Causal Network

47
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Causal Network

48

The enhanced Causal Network Analysis (CNA) provides a comprehensive approach to 

identifying upstream molecules that control the expression of the genes in your datasets. You 

can now, in a single click, visualize the diseases and functions you are scoring against, 

understand the effect of the master regulator on that disease or function, and drill-down to the 

evidence supporting those relationships. In addition, increase the predictive power by allowing 

intervening molecules or functions, up to three steps or ‘hops’, to connect a hypothesis to the 

scoring criteria.

Causal analysis approaches in Ingenuity Pathway Analysis. 2014 Bioinformatics
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Causal Network

49

How to Create Causal networks?

The option to build causal networks is available in IPA on the Create Analysis page. Select the 

check box for Causal network under General Settings > Networks to include Casual Analysis in 

your analysis results.

Click on Add to begin searching for specific function, disease 

or genes and chemicals that you may wish to score against 

your causal networks. 
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Causal Network

51

Result

Master Regulator and Networks

Specific function, disease or genes and 

chemicals that you wish to score against your 

causal networks. 

Master Regulator

Specific gene

Participating 

Regulators

Length (3)
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Live Demo
IsoProfiler

52
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IsoProfiler

53

IsoProfiler displays and enables filtering on transcripts & isoforms in your RNA-seq dataset(s)

Your data must be mapped using RefSeq, Ensembl, or UCSC identifiers. You cannot use gene 

names or gene-level IDs to map your dataset for IsoProfiler, you must use transcript IDs. 

Furthermore, for IsoProfiler your dataset must consist of a single source for your dataset-- i.e. 

only Ensembl, or only RefSeq. You cannot mix sources.

Ensembl ID with isoform viewer in IPA
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Dataset Analysis with Isoprofiler

54

Without Isoprofiler Analysis, different treanscript ID with same gene name can only analysis with 

the one which has the max expression value.
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IsoProfiler

55

Once IsoProfiler launches, it will display results such as in this example

Dataset Chooser Genes and their isoforms from the dataset

Isoform filters Isoform details on the selected gene



Sample to Insight

Copyright©2019 GGA Corp. All rights reserved.

IsoProfiler with GTEx Tissue Expression

56

If your dataset is based on human expression data, additional functionality appears in 

IsoProfiler to help you explore tissue expression information from the GTEx consortium, which 

profiled 51 tissues from multiple human tissue donors by RNA-seq.

The GTEx consortium has performed over 9,800 paired-

end RNA-Seq experiments across 51 human tissues



Sample to Insight

Copyright©2019 GGA Corp. All rights reserved. 57

Live Demo
PhosphoProteomics

57
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PhosphoProteomics Analysis

58

Find out how to understand your Phosphoproteomics Analysis and about the multiple 

ways of relating the molecules in your dataset to the body of information in the 

Ingenuity Knowledge Base.
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PhosphoProteomics Analysis

59

Gene expression data:

FST causes the up-or-down-regulation of 

target genes

Phosphorylation data:

LEP causes the up-or-down phosphorylation of 

target proteins

PLG, CD36, CPS1 are up-regulated by 

activated PST

FN1 is down-regulated by activated PST

AKT1, IRS2 are activated by increased 
phosphorylation from activated LEP

EIF2A’s activity is inhibited by decreased
phosphorylation from activated LEP

ACACA has increased phosphorylation from 
activated LEP

The blue halo indicates that phosphorylation 
cause inhibition of ACACA’s activity
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PhosphoProteomics Analysis

60

Find out how to understand your Phosphoproteomics Analysis and about the multiple ways of relating the 

molecules in your dataset to the body of information in the Ingenuity Knowledge Base.
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Live Demo
Case Study

61
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Case Study of ITRAq data

Title, Location, Date 62

Comparison Analysis of Canonical Pathways

3
h

r

6
h

r

1
2

h
r

Coronavirus Pathway activated

PPAR Signaling activated

Cardiovascular System inhibited
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Comparison Analysis of Disease and Function

| Z-score | > 1.5

3
h

r

6
h

r

1
2

h
r

Virus function activated

Case Study of ITRAq data
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Coronavirus Pathogenesis Pathway 

Z-score = 2.67

-log P-value = 8.5

Molecules = 15

Case Study of ITRAq data
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Case Study of ITRAq data

Key: 

• 40s Ribosome

• Coronavirus Pathogenesis Pathway 

Key: 

• HNRNPU

• Viral Infection
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Q&A
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Predicting upstream regulators of a dataset

67

↑ ↓↓ ↑ ↑
 Differential Gene Expression (Uploaded Data)

↑

 Predicted activation state of TF/UR:

1 = Consistent with activation of UR

-1 = Consistent with inhibition of UR

1 -11 1 1 1

+++-

Note that the actual z-score is weighted by the underlying findings, the 
relationship bias, and dataset bias

• z-score is a statistical measure of the match between expected 
relationship direction and observed gene expression

• z-score > 2 or < -2 is considered significant

 Literature-based effect TF/UR has on downstream genes

 Every possible TF & Upstream Regulator in 

the
Ingenuity Knowledge Base is analyzed

++

=(7-1)/√8    =  2.12 (=predicted activation)

↓

-

1

↑

1

+

UR
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Effect genes have on a process or function
(Literature)

N = 8 genes

Downstream Effect Activation z–score 

Statistical measure of correlation between the relationship direction and resulting gene 
expression

Bio 

Process/Function

Actual z-score can be weighted by relationship types, relationship bias, data bias

z-score > 2 or < -2 is considered significant

Differential gene expression
(Uploaded Data)

1-1 1 1 0 11 1 1

68
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Determining Significance of Your Data to IPA

69

Specific 

Pathway 

or 

Function

Reference 

Set

Specific 

Pathway or 

Function

Your 

Data 

Set

Is proportion of 

overlap the same?
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Important note: Statistics in Biology 

70

The Fisher’s Exact Test

Given a list of differentially expressed genes in a dataset, what is the probability that the 

overlap with the set of genes on a particular pathway is by random chance?

The null hypothesis is that the association occurs purely by chance.

The Fisher’s Exact Test is a way to test for significant associations

The test looks at the number of genes 

a. That match between pathway and dataset

b. That are in pathway but did not match dataset

c. That are in dataset but did not match pathway

d. That were possible to assay in the experiment 

but are not in the pathway or dataset (this is 

usually called the “reference set” and is ~the 

set of all genes on the array platform)

The calculation returns a p-value:

From 0-1, where values <0.05 are generally considered significant)
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Statistics in Biology: Fisher’s Exact, continued

71

(a+b)!(c+d)!(a+c)!(b+d)!

(a+b+c+d)!a!b!c!d!
p-value = 

Note: “!” is the factorial operator, where for example 3! = 3 x 2 x 1 = 6

If you had this situation:

• Dataset (significantly differentially expressed) of 286 genes

• Pathway of 81 genes

• Where 5 of the dataset genes overlap those in the pathway

• And the platform measured about 12,000 genes

What is the significance of that overlap?

(5+76)! (281+11715)! (5+281)! 

(76+11715)!

(5+76+281+11715)! 5! 76! 281! 11715!
p = 

=0.043 
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Mapping Colorectal Cancer Expression Data to the Function “Neoplasia”

72

747 

expression-

significant 

genes

Filter for 

genes that 

change 

expression

Map to neoplasia

Do not map to 

neoplasia

Sample 260/747= 0.348

487/747= 0.652

3005 genes map to 

neoplasia

13,101 genes 

on chip

3005/13,101= 0.229

487

260

IPA

Are the proportions that 

map to neoplasia

significantly different 

between the chip 

(reference set) and the 

sample?



Sample & Assay Technologies Calculating the Fisher’s Exact Test

73

• For IPA, a 2x2 contingency table is created based on the 
total population, the sample, and how many genes map to 
the function/pathway. This table is used to calculate the 
Fisher’s exact test.

Neoplasia Not Neoplasia

In Sample                k n - k n 

Not in Sample m - k N + k - n - m 
N -

n

m N - m N

m= Total that map to function/pathway

N= Total

k= Number that map to function/pathway in sample

n= Total sample
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What Does the p-Value Mean?

74

• The smaller the p-value, the less likely an observed 
proportion of genes mapping to a function or pathway is a 
result of chance.  We then infer that there is a biological 
effect.

– A p-value of 0.05 indicates that you should expect to observe the 
gene proportion mapping to a function or pathway by chance in one 
out of 20 (5 out of 100) repeated experiments of the same size
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What is the Fisher’s Exact Test

75

• The Fisher’s exact test is a statistical test, similar to the 
chi-square test, used for categorical data that result from 
classifying objects in two different ways

• It is used to examine the significance of the association 
(contingency) between the two kinds of classification

– In IPA, the two categories are the uploaded dataset and a particular 
pathway or function

– A Fisher’s exact test is used instead of the chi-square test because 
the number of genes that map to a function or pathway can be less 
than five and would cause the chi-square test to be inaccurate
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How Analysis Match z-score are calculated for your analysis 

76

How signatures are created and compared

Canonical Pathways (up to 20 pathways)

​Upstream Regulators (up to 100 regulators)

Causal Networks (up to 100 master regulators)

Diseases & Functions (up to 100 diseases or functions)
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Analysis Match – explanation of z-score 

77

How signatures are created and compared
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Steps for normalizing the z-score for a match percentage 

78
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How are Overall scores calculated in Analysis match

79

For z-score

• Simply take average of percentages for all four entities

For p-value

• P-value percentage for entities are not reported

• Take the –log 10 of each p-value (if –log 10 of p-value is >50, then just set it to 50)

• Calculate % vs. the maximum possible p-value (self vs. self match)

• Take average of percentages for all four entities

Average of the four 

percentages
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Graphical Summary

Graphical Summary結果:
將資料集最相關的生物主題以網路圖像呈現
(canonical pathways, upstream regulators, causal network master regulators, 
diseases, and biological functions)

80

Criteria for selection

 All entities: 

p-value < 0.05

 Diseases、Functions、

Upstream regulators: 

z-score ≧ 2

 All molecules types 

(except chemicals)

 Activated nodes

z-score ≧ 2

 Inhibited nodes

z-score ≦ -2
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Content-based machine learning

Title, Location, Date 81

This also applies to inferred molecule-function relationships, but in this case the 

predicted relationships can also be interpreted as being causal.
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歡迎與我們聯絡 Office: +886-2-2795-1777#3014
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